Introduction: The aim of this study was to investigate the effect of laparoscopic
Introduction
Endometriotic cystectomy results in a more favorable outcome than drainage or vaporization with regard to recurrence and pelvic pain (1) (2) (3) (4) . However, the treatment of endometriotic cysts remains a challenging issue. The preservation of reproductive function after surgery is an important consideration because the disease is most frequently encountered in reproductive-age women (5) . Although cystectomy may lead to follicle loss, vaporization may cause thermal damage to the ovarian cortex.
Over the years, various tests and markers of ovarian reserve have been developed (6) . These include age, hormonal variables (e.g. Follicle-stimulating hormone (FSH), Lutenaizing hormone (LH), Estradiol (E2), inhibin B level, and the LH/FSH ratio) and sonographic variables (e.g. ovarian volume, antral follicle count, and ovarian stromal flow). Recently, anti-Mullerian hormone (AMH) has been suggested as the most reliable ovarian marker because it is independent of the menstrual cycle and unaffected by hormonal treatment (7) .
Chang et al. reported that laparoscopic ovarian cystectomy is associated with decreased ovarian reserve, as measured by serum AMH levels in the immediate postoperative period. They suggested that serum AMH levels could be a marker of ovarian reserve after ovarian surgery (8) . To date, postoperative serum AMH levels have not yet been considered relevant in the cystectomy versus vaporization or bilateral versus unilateral debates. In the present study, to determine whether the type of laparoscopic surgery to treat ovarian endometriotic cyst affects ovarian reserve, we measured the levels of AMH, the most clinically useful and applicable marker of ovarian reserve before and after laparoscopic cystectomy or laparoscopic vaporization (9, 10) .
Materials and Methods

Patients
This cohort study included 62 patients who had undergone laparoscopic surgery for endometriotic cysts in the Department of Obstetrics and Gynecology at Hokusetsu General Hospital (Takatsuki, Japan) between June 2011 and August 2013. Annually, more than 400 gynecologic laparoscopic surgeries are performed there. Ovarian damage after surgery has been reported in several other previous studies (11) (12) (13) . Therefore, as a general rule, cystectomy is performed on patients who already have had children, and vaporization is performed on nulligravid patients.
The inclusion criteria were as follows: (i) a diagnosis of endometriotic cyst by transvaginal ultrasound and MRI; (ii) no previous ovarian surgery or the absence of other complications related to pelvic anatomy; (iii) 18-45 years of age with regular menstrual cycles and an AMH level >0.5 ng/mL; and (iv) the absence of any endocrine disease. The exclusion criteria were as follows: (i) an FSH level suggestive of menopause; (ii) suspicion of malignant ovarian disease; and (iii) oral contraceptive use within 3 months before surgery. In this study, no patient had taken preoperative hormonal treatment, and the diameter of the endometrial cyst was measured by MRI.
Among the 62 patients with endometriotic cyst, a bilateral cystectomy (BC) was performed in 10, bilateral vaporization (BV) in 16, a unilateral cystectomy (UC) in 24, and unilateral vaporization (UV) in 12.
Hormone measurement
Blood samples were obtained from the patients preoperatively during the early proliferative phase of the menstrual cycle and at 1 month, 6 months, and 1 year postoperatively. The serum was separated from whole blood and transferred into sterile polypropylene tubes; AMH was then assayed. AMH levels were measured by an enzyme-linked immunosorbent assay kit (EIA AMH/MIS; Immunotech, Marseille, France) according to the manufacturer's instructions. AMH levels do not change significantly throughout the menstrual cycle and decrease as women age. Healthy women <38 years old with a normal follicular status at day 3 of the menstrual cycle have AMH levels of 2.0-6.8 ng/mL (14.28-48.55 pmol/L). The intra-and inter-assay coefficients of variation for the AMH assays were <12.3% and <14.2%, respectively, and the rate of AMH decline was calculated using the following formula: (preoperative serum AMH level À postoperative serum AMH level) / preoperative serum AMH level × 100%.
Laparoscopic surgery
To minimize the inter-operator difference in surgical techniques, we included only laparoscopic surgeries performed by one surgeon (K.O.).
The initial entry into the abdomen was achieved via the open supraumbilical approach. A 12-mm trocar was inserted, and insufflation pressure was maintained at 8-10 mmHg. Three additional 5-mm trocars were inserted into the lower abdomen using the parallel method with 5-mm bipolar forceps (POWERGRIP coagulation forceps; JSS, Osaka, Japan), 5-mm scissors (Metzenbaum Scissors for Laparoscope; Karl Storz, Germany), and 5-mm graspers (Reddick-Olsen Dissecting and Grasping Forceps; Karl Storz, Tuttlingen, Germany).
For cystectomy, after the identification of the cleavage plane between the cyst wall and the ovarian cortex, stripping was done by applying gentle traction to the ovaries in the opposite direction with two atraumatic grasping forceps. After the pseudocapsule was removed from the abdominal cavity, selective minimal bipolar coagulation (35 W) was performed for bleeding, and excessive coagulation and suturing were avoided ( Figure 1 ).
For vaporization, a biopsy sample was obtained for histological examination. After the aspiration of the cyst contents, vaporization with bipolar current forceps (35 W) was performed on the inverted cyst wall ( Figure 1) .
In both procedures, where adhesions were identified, adhesiolysis was performed using a combination of blunt and sharp dissection, and hemostasis was achieved using bipolar forceps. No complications occurred during or after the surgery. Postoperatively, endometriotic cyst was confirmed by a histopathological examination in all cases.
Statistical analysis
Statistical analyses were performed with SPSS statistical software ver.15.0 (SPSS Inc., Chicago, USA). Patient characteristics were compared using the unpaired Student's t-test, which is a nonparametric test. Comparisons of preoperative and postoperative serum AMH levels were performed using the Wilcoxon signed-rank test, and Spearman's correlation was used to evaluate any correlation between variables.
Stepwise multivariate regression analysis was performed to investigate independent variables associated with the rate of AMH decline. All parameters that significantly correlated with the rate of AMH decline were subsequently evaluated by the forward stepwise multivariate regression model.
Stepwise multivariate logistic regression analysis was also performed to assess factors associated with the failure of postoperative AMH recovery to the level before surgery 1 year after surgery (AMH recovery). A P-value <0.05 was considered to be statistically significant.
Our institutional review board (Hokusetsu General Hospital) approved this protocol (No. 66) and its consent form, and informed consent was obtained from all participants.
Results
Patient characteristics are shown in Table 1 . Cyst diameter and revised American Society for Reproductive Medicine (rASRM) score for BC and UC patients were greater than those UC and UV patients. Carbohydrate antigen 125 and preoperative serum AMH levels were not statistically different among all groups.
Serum AMH levels significantly declined after surgery in all groups irrespective of whether the case was bilateral (BC: preoperative = 3.1 ± 1.7 ng/mL, 1 month = 0.5 ± 0.5 ng/mL, 6 months = 0.8 ± 0.7 ng/mL, and 1 year = nbsp;0.8 ± 0.7 ng/mL; BV: preoperative = 2.7 ± 1.8 ng/mL, 1 month = 0.8 ± 0.6 ng/mL, 6 months = 1.2 ± 1.3 ng/mL, and 1 year = 1.3 ± 1.5 ng/mL) or unilateral (UC: preoperative = 4.4 ± 2.5 ng/mL, 1 month = 1.9 ± 1.6 ng/mL, 6 months = 2.1 ± 1.7 ng/mL, 1 year = 2.5 ± 1.7 ng/mL; UV: preoperative = 3.9 ± 2.7 ng/mL, 1 month = 2.2 ± 2.4 ng/mL, 6 months = 2.8 ± 3.3 ng/mL, and 1 year = 3.3 ± 3.6 ng/mL) (Figure 2a,b) . Moreover, there were no cases of recurrence 1 year after surgery. Figure 2 (a) Alteration in serum AMH levels after bilateral cyst surgerySerum AMH levels significantly declined after surgery in all groups irrespective of whether the case was bilateral (BC: preoperative = 3.1 ± 1.7 ng/mL, 1 month = 0.5 ± 0.5 ng/mL, 6 months = 0.8 ± 0.7 ng/mL, and 1 year = 0.8 ± 0.7 ng/mL; BV:preoperative = 2.7 ± 1.8 ng/mL, 1 month = 0.8 ± 0.6 ng/mL, 6 months = 1.2 ± 1.3 ng/mL, and 1 year = 1.3 ± 1.5 ng/mL) or unilateral (UC: preoperative = 4.4 ± 2.5 ng/mL, 1 month = 1.9 ± 1.6 ng/mL, 6 months = 2.1 ± 1.7 ng/mL,1 year = 2.5 ± 1.7 ng/mL; UV: preoperative = 3.9 ± 2.7 ng/mL, 1 month = 2.2 ± 2.4 ng/mL, 6 months = 2.8 ± 3.3 ng/mL, and 1 year = 3.3 ± 3.6 ng/mL) (Figure 2a,b) . (c) Comparison of AMH rates of decline. At 1 month, 6 months, and 1 year after surgery, the rate of AMH decline was significantly higher in the BC group than in the BV group (1 month, P = 0.04; 6 months, P = 0.02; 1 year, P = 0.02). In cases of unilateral endometriotic cyst, there was no statistical difference in the rate of AMH decline between the UC and UV groups. AMH, anti-Mullerian hormone; BC, bilateral cystectomy; BV, bilateral vaporization; M, month; Preop, preoperative; UC, unilateral cystectomy; UV, unilateral vaporization; Y, year. Figure 2c shows the decline in postoperative serum AMH levels. At 1 month, 6 months, and 1 year after surgery, the rate of AMH decline in the BC group was significantly higher than that in the BV group (1 month, P = 0.04; 6 months, P = 0.02; 1 year, P = 0.02). In patients with unilateral endometriotic cyst, there was no statistical difference in the rate of AMH decline between the UC and UV groups (Figure 2c) .
The rate of AMH decline at 1 month after surgery was significantly correlated with patient age (r = À0.44, P < 0.01), rASRM score (r = À0.32, P < 0.01), and bilaterality (r = À0.39, P < 0.01). However, the rate of AMH decline at 1 year after surgery was significantly correlated solely with patient age (r = À0.51, P = 0.001) and rASRM score (r = À0.37, P = 0.02) ( Table 2) .
For purposes of this study, AMH recovery was considered to have failed when serum AMH levels did not reached their preoperative level. Univariate analysis identified an age >38 years, rASRM score >80, and a preoperative serum AMH level <2 ng/mL as variables significantly associated with the failure of AMH recovery after surgery. In addition, stepwise multivariate logistic regression analysis revealed that, among the three significant factors in the univariate analysis, only two factors (age >38 years and rASRM score >80) had a strong association with the failure of AMH recovery after surgery (Table 3) .
Discussion
In this study, the rate of AMH decline was higher in patients who had undergone UC or BC than in those who had undergone UV or BV at 6 months after surgery. Moreover, patient age and rASRM score highly correlated with the AMH rate of decline at 1 month after surgery, but patient age alone was correlated with the rate of AMH decline at 6 months after surgery. The rate of AMH decline at 1 month after surgery was significantly correlated with patient age (r = À0.44, P < 0.01), rASRM score (r = À0.32, P < 0.01), and bilaterality (r = À0.39, P < 0.01). However, the rate of AMH decline at 1 year after surgery was significantly correlated solely with patient age (r = À0.51, P < 0.01) and rASRM score (r = À0.37, P = 0.02). From the standpoint of ovarian reserve, the efficiency of cystectomy remains a topic of considerable debate. There is general agreement that the pregnancy rate increases after laparoscopic cystectomy got an endometriotic cyst; the rate varies from 30% to 67%, with an average of approximately 50% (14) . However, a recent meta-analysis reported the deleterious effects of laparoscopic endometriotic cystectomy on the markers of ovarian reserve, with up to a 40% decrease in serum AMH levels (15) . Therefore, cystectomy appears to be an over-treatment that can result in unnecessary ovarian damage. These reports are consistent with the findings in our study. The lack of a histological cleavage plane between the cyst capsule and normal ovarian parenchyma in endometriotic cyst renders excision more difficult, thereby resulting in the loss of viable ovarian cortices during cystectomy. Loh et al. reported that ovarian response was impaired in patients who had been treated for large endometriotic cysts and who had spontaneous and clomiphene-stimulated cycles (16) . Moreover, Somigliana et al. mentioned that cystectomy leads to a decrease in mature follicles, retrieved oocytes, and fertilization rates in In vitro fertilization-embryo transfer (IVF-ET) (17) . However, conservative treatment of the cyst pseudocapsule (fenestration and coagulation/ablation of the cyst wall) is not only less effective in improving the chances of pregnancy but also exposes the patient to a substantial risk of recurrence (18).
Roman et al. reported that endometriotic cystectomy, despite being an accurate surgical technique, results in the removal of normal ovarian tissue in the majority of cases. Furthermore, at the time of surgery, they found that the amount of normal ovarian parenchymal loss increases proportionally with the increase in cyst diameter (19) . Tsolakidis et al. and Pados et al. performed randomized controlled trials that compared the stripping technique with the so-called "three-stage technique" (20, 21) , a procedure that involves the following: (i) operative laparoscopy in which only fenestration and drainage of the endometriotic cyst is performed; (ii) Gonadotropin-releasing hormone agonist (GnRHa) therapy for 3 months; and (iii) a second laparoscopy in which CO2 laser ablation of the cyst wall is performed. They concluded that ovarian volumes and vascularization were comparable among the two laparoscopic methods, but functional ovarian tissue, as determined by the antral follicle count, was higher after their three-stage procedure.
Tsolakidis et al. and Pados et al. did not clarify the relationship between AMH recovery and the surgical procedure employed. To the best of our knowledge, this is the first study conducted to evaluate postoperative changes in AMH level between two different types of treatments (cystectomy vs vaporization) and two different endometriotic cyst locations (unilateral vs bilateral).
Brosens et al. suggested that the proactive management of endometriotic cysts, including conservative surgery in young women, could prevent ovarian dysfunction (22) . Therefore, early detection and treatment of endometriotic cysts should be considered in order to prevent future infertility.
Admittedly, there were some limitations to this study. First, we could not investigate the antral follicle count in all cases after surgery. Second, none of the patients enrolled in this study had undertaken hormonal treatment for infertility before surgery, so fecundity was not evaluated postoperatively. Third, this study was not a randomized study. Therefore, further research is necessary to determine not only how cystectomy and vaporization affect serum AMH levels but also how we can preoperatively prospect the damage of each procedure on ovarian reserve.
In conclusion, the rate of AMH decline after laparoscopic endometriotic vaporization is significantly lower than that after cystectomy. However, patients with severe endometriosis (rASRM >80) or older patients (age >38 years) attempting to get pregnant should be informed preoperatively that both procedures could result in irreversible ovarian damage.
